Flavin binding to the high affinity riboflavin transporter RibU.
The first biochemical and spectroscopic characterization of a purified membrane transporter for riboflavin (vitamin B(2)) is presented. The riboflavin transporter RibU from the bacterium Lactococcus lactis was overexpressed, solubilized, and purified. The purified transporter was bright yellow when the cells had been cultured in rich medium. We used a detergent-compatible matrix-assisted laser desorption ionization time-of-flight mass spectrometry method (Cadene, M., and Chait, B. T. (2000) Anal. Chem. 72, 5655-5658) to show that the source of the yellow color was riboflavin that had been co-purified with the transporter. The method appears generally applicable for substrate identification of purified membrane proteins. Substrate-free RibU was produced by expressing the protein in cells cultured in chemically defined medium. Riboflavin, FMN, and roseoflavin bound to RibU with high affinity and 1:1 stoichiometry (K(d) for riboflavin is 0.6 nM), but FAD did not bind to the transporter. The absorption spectrum of riboflavin changed dramatically when the substrate bound to RibU. Well resolved bands appeared at 441, 464, and 486 nm, indicating a hydrophobic binding pocket. The fluorescence of riboflavin was almost completely quenched upon binding to RibU, and also the tryptophan fluorescence of the transporter was quenched when flavins bound. The results indicate that riboflavin is stacked with one or more tryptophan residues in the binding pocket of RibU. Mutagenesis experiments showed that Trp-68 was involved directly in the riboflavin binding. The structural properties of the binding site and mechanistic consequences of the exceptionally high affinity of RibU for its substrate are discussed in relation to soluble riboflavin-binding proteins of known structure.